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WARREGO VALLES AND OTHER CANDIDATE SITES OF LOCAL
HYDROTHERMAL ACTIVITY WITHIN THE THAUMASIA REGION, MARS.

J.M. Dohm, K.L. Tanaka, J.H. Lias, T.M. Hare, U.S. Geological Survey, Flagstaff, Az, 86001,
R.C. Anderson, Jet Propulsion Laboratory, Pasadena, CA 91011, and V. C. Gulick, NASA Ames
Research Center, Moffett Field, CA 94035-1000; jdohm@flagmail.wr.usgs.gov

Introduction. We have previously
demonstrated for the Thaumasia region of
Mars that (1) valley formation peaked during
the Noachian and declined substantially during
the Hesperian and Amazonian Periods and (2)
valleys, many of which form networking
systems, largely occur near volcanoes, highly
faulted terrains, and large impact craters of
similar age, thus suggesting hydrothermal
activity [1,2]. In Tanaka et al [3], the various
hypotheses for valley formation on Mars are
presented, and a geologic explanation for
valley erosion in the Thaumasia region is given
that "best fits" the region's geographic and
geologic datasets. That comprehensive GIS-
based investigation suggests that hydrothermal
and seismic activity were the primary causes of
valley formation in the Thaumasia region; the
data make widespread precipitation less likely
as a major factor in valley formation, except
perhaps during the Early Noachian, for which
much of the geologic record has been
destroyed. Based on the reconstruction of the
stratigraphic, tectonic, volcanic, and erosional
histories and the close association of valleys in
time and space with Noachian to Early
Hesperian volcanoes and rift systems and
Hesperian to Early Amazonian impact craters
>50 km in diameter [3,4], we propose 13 sites
of hydrothermal activity within the Thaumasia
region (Fig. 1; Table 1); these are the best
examples of valleys associated with these
geologic features, but there are other less
pronounced correlations elsewhere in the
region [3,4].

Warrego VaUes. The Warrego
Valles region is the best example of inferred
hydrothermal activity that may have
accompanied Noachian and Early Hesperian
valley formation in the Thaumasia region (site
4 of Fig. 1 and Table 1). Here, geologic and
geographic arguments suggest that an intrusive
body at depth resulted in prolonged heating
and hydrologic activity to form Warrego Valles
by groundwater sapping, as follows: (1)
Warrego Valles formed concurrently with Late
Noachian/Early Hesperian nearby fault and rift
systems and collapse pits and depressions [1],

(2) Late Noachian/Early Hesperian faults
appear deflected about and absent within the
source region of Warrego Valles [4] such as at
other proposed sites of intrusive activity on
Mars [5], and (3) a center of tectonic activity

shown by a concentration of fracture
intersections during Late Noachian/Early
Hesperian coincides with the topographic high
dissected by Warrego Valles [6].

Future Exploration. Proposed
sites of volcanic-, intrusive-, tectonic- and
impact-related hydrothermal activity may have
produced zones of mineral alteration that can
be searched for in TES data [7]. These sites
may be optimum for future hydrologic-,
mineralogic-, and exobiologic-related science
investigations.
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Figure 1. Candidate hydrothermal sites of the Thaumasia 50 °
115° region. Inset geologic map of the Wan-ego Valles region [4]. 55°

_ r=ua==___ .... _.itivty _ (,t_=2)
3 mlcamo, lavaflow, faultamldgrabcn= iSflsy_em volcanisr&raultil_,Mlwlqualml, heatmg, L,aleNoaehlan/ _c _dtl_tu- _*dh,._.t,_

I_ _ i_aled VMI--- mid vM _: itctwoclt= valley folm_o_ ==ridpmsibl¢ ino'mi_ _ tlelpenan ..... " ..... -re.__ .j_..
I -_- _P", _. =7 _,_ ...... _ activily local _latioa (7)

=I_ d=pte_on, _l crmcr _tm. dh =y=ten_ _'"z • z *

fatdt= aad Ip'abm=. broad ndt¢_ md laqz¢ Kar_
4 ( _= hi© _:_atrnct=on.tl feat _ _ ,.b_-- [ t_olcJlmc(.). flultuqt. Malt qtmke=, I_lltbl¢ LIM No_hiln/

....... hc_n v G_-mntioa _ bte _ H " v(_._mke-mdt_mk:-rdmed
i'Waare= O_nc_.Z_iOnlOfiiO]al_:lv,=Zk_lIKivMley g, alley , pOUl y etperllttl .......

• -- e- n¢lworl=, hqd_ topolW_y and ddlocted fnutt_ ] mtrmwe d_'tlVtly (i@ 2 _ _) n_11/OIIl1_131_II_Wlly

•9__,,_,_ _._-.=_._=,,3,r_,_ __ J ...............
[ 5 vtdc-_no.r(n,ym=ms, r_dlsw, dgrabe_._ail_. _ volcanic, faultmg. Mmquakes, heatmg, Latel_y v0t_-__

I_ _. ,mlcano, nflz),ltmm, fmdtsal_l_z.z_da_d]vn, lca_c, fw,tt ng, Mmcpmltel, hcating ..... _ voP.m_-mdlectonic-mll_dhydic-

l 5 vM_t alld vld_ n_wurk* _md l_tllbl¢ !nUt, iv e aetlvity l_oaenum (llal_ I)_ th_ __on (?)

imp_t cn_r a_d ejecta Nlmket f_l= a_d .... La_ ......

I (Lampl m .......... y ........ _ ..... 1
v.,_.. ' _ ........... "'-";_ [ impaet_ralenngandvMleyf,Jmntttm EadyHe_m imwact naamd hycl_d_¢n_l letivity7 _ns broad ridlt_ and Iwge KniT_ itola_d Non.him/

• ' =xJ=t_ =m.=:=. "] (,t_= _) ]

l II Tflrl syM,a_. fitlts and itr_i,-b_ad _ _;n,s_-Mi-z qUnk_, po_ibl¢ hea_[LngIIKI Mam_yNo_mn ] volcmic-, tect--_i,c-relaled hydlo-

• 9 [ llrabela blx_d tSdll_ and larlP: w_rl_ iudated imp*el ctmt_n$ w*d vldMy fomwlton Em4y Ht_pman impeel nd_ted hyd_ml_eaml act ivtly

|__ (v___.,!_..,-,.=_¥.,.,=,.o..
I0 imp_ crater lad eje_ta b4mkel thai bun_ flults Late He4tperian/

,, ^ ,n [ endllr_ amdilmhltedvalley_andvaBey *rnpa_clltermlLmldvMleyf_mmllon EaflyA_iml iw4xlclrdaledhyd_,etivity

I"I'tsy_ms. fat_md_'a'_s.depre_orts(n_ W,du_e tmu_hf0ra_mn Manaunket
_w_ ' I ........... La= Noaehim/ kct_ mad Imuibk volc.mt¢

II ll_ridge= mlr'm_)'_ul_hnctworl_ll_sc_lq_ md _wrtnkkandmllt_l l.,m_ hl and _-_mhle heating, md postible v_.wmic md E.wly He_pe¢ian hyd_othcrmal _u vity
' ' *ntr_ve l_t_vity!poutl,ae_ mt_c _-x_ (=t_e= 2 md 3)

:_,v...,,o_ ,_.,,_o.,f=,,.,,.d_..%_-_...7/',_u.¥;-,_,_¥o,.;,:,._._._..,.r -_ .......12 vol¢ln ic - md _¢m_tic-i_ reed hydro.

[ vo]CI.'_, sttllwr_l d=pl_zlionl, fatal_ alld front Ivolemli_m fsultu_, valley folmaoo_l, Mall = _ l_iml
13 I _ ll_ated vM|eyl and vMley nelwc_'ks i ' ,*'o)cartic. and tety,ontc_:lated hydro-qu_a heating. and lntmsiv© ataivity [ thermal activity; kwad Wecipaatl_w, (7)

Early Hespenem


